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Abstract: The vitamin D receptor (VDR), a
member of the nuclear receptor superfamily,
is an integral part of the body’s calcium
regulatory system. Mammalian and avian
VDR genes were isolated, sequenced and
characterized. In this study we cloned the
vitamin D receptor from amphibians. We
received a cDNA library prepared from
amphibian (frog) tissues and prepared a
cDNA probe based on the avian VDR. We
screened the library and located the positive
clones. Complete structure of VDR gene has
been compared with other species and
concluded that it shares 79%, 73%, 73%
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Introduction
The hormonal form of vitamin D, 1,25dihydroxyvitamin D3 (1,25-(OH)2D3) regulates a wide
spectrum of genes responsible for vitamin D metabolism,
calcium and phosphorous homeostasis, and cell
differentiation 1,25-(OH)2D3 exerts most of its biologic
functions through a nuclear receptor (1). The essentiality
of this receptor for the function of vitamin D became
obvious when vitamin D dependent rickets type II was
proven to result from defects in the VDR (2). Being a
member of the superfamily of steroid/thyroid hormone
receptors (3) this receptor protein acts to mediate the
vitamin D endocrine system through binding of 1,25(OH)2D3 and subsequently increasing or decreasing the
transcription of target genes. VDR requires a binding
partner, the retinoid X receptor (RXR), to form a nuclear
receptor complex (4, 5) which binds to the vitamin D
responsive element(s) DRE in the promoter region of
target genes. The participation of other transcription
factors such as TFIIB, TFIID and of co-activators or co1

and 75% identity at the aminoacid level with
the chicken mouse, rat and human VDRs
respectively. Comparison of different species
rat, mouse, chicken, amphibians against to
hVDR indicated that VDR is essentially
conserved in DNA binding and hormone
binding
domains.
These
significant
similarities demonstrates conservation of
VDR receptor during evolution for these
species.
Key Words: VDR, amphibians, cloning,
evolution.

repressors are also necessary for the transcriptional
activation (6).
VDR receptor has a molecular weight of 55kD (rat)
which is the smallest of the steroid hormone receptors
that possesses all conserved structural features including
a well-defined domain for DNA binding at the N-terminus
and a broader, less well-defined domain for hormone
binding at the C-terminus. Partial purification of VDR was
achieved which allowed the generation of monoclonal
antibodies directed against the VDR in the chicken (7) and
in the pig (8). These monoclonal antibodies proved
extremely useful and allowed cloning the cDNA for the
VDR. Thus, a partial cDNA was determined for chick (9),
a full length was determined for rat (10, 11), and for
human (12). Recently, the full length receptor from
Japanese quail, chick, and mouse have been deduced
(13). Although to date the cloning of the VDRs of
different species were completed, little is known about
the VDR of lower vertabrate species such as amphibians.
Amphibians represent an intermediate stage in the

This work was funded by a project grant of University of Wisconsin.

507

Cloning and Transcriptional Activation of the Vitamin D Receptor (Amphibians)

evolution of endocrine regulation of mineral metabolism
because of their water to land transition. To better
understand the importance of vitamin D endocrine system
in calcium homeostasis from an evolutionary perspective
we cloned the amphibian (frog) VDR. We demonstrate
here that the importance of understanding the structure
of VDR for different species, its involvement in
transcriptional activation and to determine how evolution
may have affected the VDR through chordates.
Materials and Methods
Chemicals and solutions:
LB Medium (Luria-Bertani Medium) and 20xSSC were
prepared as described(15). Buffers for screening the
expression library were composed of TE buffer; 10 mM
Tris Cl, 1 mM EDTA, pH: 7.4 and SM buffer; 5.8 gr NaCl,
2.0 gr MgSO4.7 H20, 50 ml. 1M Tris.Cl, pH: 7.5 for 1
liter. EDTA was 0.5 M with pH: 8.0. NaCl 1.5 M, NaOH
0.5 M and MgCl2 were 1M. Maltose was 0.2%.
Prehybridization solution composed of 20% formamide,
6xSSC, 1xDenhart, 100 µg/ml non specific DNA (Salmon
Sperm). Denaturating solution contained 0.5 N NaOH and
1.5 M NaCl. Preparation of neutralizing, rinsing and
prewashing solutions were as follows, neutralizing
solution; 1.5 M NaCl, 0.5 M Tris Cl (pH: 7.0), rinsing
solution; 2xSSC from stock solution of 20xSSC,
prewashing solution; 5xSSC, 0.5% SDS, 1 mM EDTA at
pH: 8.0. We have used λgt 10 vector and c600 Hfl
bacterial host.
Construction and screening of the cDNA library
A λgt 10 cDNA expression library obtained from frog
tissues was kindly provided by Dr.M.Wickens
(Department of Biochemistry, UW, Madison). We have
screened this library following the procedure of Benton
and Davis (14). Briefly, we used the library concentration
of 3.108 pfu/ml. Our titer was a 45 000 pfu/plate (DNA
screening). We used 750 µl of host cells/plate, and 8 ml.
of top agar/plate (We used 15 plates and screened
6.75.105 pfu; 150x15 mm plates). After 6 to 8 hours of
incubation at 37°C the plates were overlaid with nylon
filter membrane (Hybond N) for 60 seconds to transfer
the plaques on to the membrane. The cells were
denatured in 1.5 M NaCl/0.5 N NaOH for 2 min.
neutralized in 1.5 M NaCl/0.5M Tris.Cl pH: 7.4 for 5
minutes, and the filters rinsed in 2xSSC for 30 second.
We placed the filter paper DNA side up under the u.υ.
light and exposed it 3 minutes, in order to cross link the
DNA to the filters.
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The filters were prehybridized for 4 hours at 42°C in
50 ml. of prehybridization solution. A chicken VDR cDNA
probe was radiolabeled with (α-32P) dCTP by the nick
translation method (BRL, Gaithersburg , MD). At the
hybridization step, the probe was added into a freshly
prepared prehybridization solution (32P labeled probe was
1x106 cpm/ml) for overnight incubation at 42 °C. The
membranes were washed three times following the given
orders; first, 2xSSC, 0.1 %SDS at room temperature for
five minutes (constant shaking and repeated three times),
second, 1xSSC, 0.1 %SDS, 68°C 1-1.5 hours and third
0.2xSSC, 0.1% SDS, 50°C. Upon completing the washing
procedure we checked the radioactivity level of the filters
with a Geiger counter. Following the washing, the
membranes were subjected to autoradiography for 24
hours.
Second round; we determined the putative clones, by
orienting the filters and the film, with the strongest signal
on the film. After picking up the positives (15 for the
second screening) we placed them inside the SM buffer
and chloroform by using eppendorf tubes.
We replated our positives in 150 mm plate, each
having 200-400 plaques after an overnight 37°C
incubation. Later, we followed the plaque lifts,
prehybridization and hybridization steps as described for
the primary screening.
Third round; the isolated plaques (22 positives) were
picked from the secondary screening. Each cored plaque
in 1 ml of SM buffer represented approximately 7.105
pfu. We repeated the lining up of the filter with the film
as before, in order to cut the plaque. At the end of the
third screening we had 19 positives.
For phage preparation, we followed the procedures as
described elsewhere (15). We extracted the
bacteriophage λ DNA with phenol: chloform extraction
technique. Few of our samples gave insufficient DNA
quantity.
Results and Discussion
Amphibians were the first animals to make the water
to land transition (16, 17), bridging the evolutionary gap
between aquatic and terrestrial vertabrates. Aquatic
animals differ from terrestrials by obtaining calcium
through their gills and skin rather than dietary calcium
(18-20). Amphibians shows characteristics of both
species for Ca+2 metabolism (21). The vitamin D
hormonal system in amphibians plays a role beyond the
regulation of calcium homeostasis. VDR is also critical in
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the early embryo before the development of a bony
skeleton for amphibians.

and CAT assay the complete structure of the amphibian
VDR gene has been determined (21).

VDR has been cloned from several species and it
shows considerable sequence similarity between species
such as chick, quail, mouse, rat and human (9, 11-13,
22). Using the coding region cDNA of cVDR as a probe,
an amphibian (frog) tissues library was screened. We have
yielded 15 positives after initial screening (Fig 1). The
second round gave 22 positives (Fig. 2) and the third 19
positives (Fig 3). However, the DNA quantity some of
these positives were insufficient to carry out the
experiment further.

The amino acid sequences of VDR among different
species has been well conserved throughout the evolution
(Fig. 4). Overall the xVDR shares between 73%-75%
identity with mammalian species (human, rat and mouse)
and 79% identity with cVDR at the amino acid level. The
similarity among these species were in between 84%88%. The comparison of their functional domains of the
hVDR to the VDRs of other species were as follows; DBD
(DNA binding domain), the xVDR is 93% to 99% identical
to the mammalian VDRs (human, rat and mouse) and
97% identical to cVDR. The eight cysteine residues,
critical for Zn finger formation, are completely conserved
(Fig.4). In the HBD (Hormone Binding Domain, amino
acid 196 to the C-terminus), the xVDR is only 76%
identical to the hVDR, whereas other mammals (rat and
mouse) are 90%- 91%, and chicken VDR 83% identical.
The amino acid residues in HBD identified to be vital for
1,25(OH)2D3 binding, heterodimerization with RXR and
transactivation are mostly conserved across all species.

Xenopus (amphibian) small intestinal RNA made
available cloning the xVDR (xenopus VDR) cDNA by RTPCR (21). The cDNA fragment was then used as a probe
to screen a Xenopus adult kidney (target organ for
vitamin D action (17)) cDNA library. However, after
screening more than 106 pfus, one positive clone was
identified. Further on application of northern blotting,
ribonuclease protection, gel retardation, cell transfection

Figure 1.

Initial screening of the
amphibian (frog) tissues
library, 15 positives were
obtained after this screening.
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Figure 2.

Second screening of the amphibian(frog) tissues library
resulted in 22 positives.

Figure 4.

Figure 3.
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Third screening of the amphibian(frog) tissues library gave
19 positives.

Comparison of mammalian (human, rat and mouse), avian
(chicken) and amphibian (Xenopus) VDR protein
sequences. The aligned protein sequences indicate that
with respect to hVDR other species are well conserved in
DBD and HBD domains during evolution.

Knowledge of the structural and functional properties
of the VDR protein has increased dramatically in recent
years, in parallel with advances in the understanding of
the steroid/thyroid hormone receptor superfamily of
proteins. However, there are still much to be learned on
the molecular mechanism of action of 1,25-(OH)2D3 on
transcription. Fig.5 provides a working hypothesis of
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Figure 5.

+

1,25–(OH)2D3

VDR

+

+
other proteins

DRE

TATA

RXR

VDR

Although the exact sequence of events that
occur during activation of a vitamin D
regulated gene is unclear, a general model
can be proposed based on current
evidence. Binding of 1,25-(OH)2D3 to the
VDR causes a conformational change
resulting in binding of the VDR to a
response element (DRE) upstream of a
target gene. The VDR binds in a 1:1
complex with RXR, with RXR occupying
the 5’ half site and VDR occupying the 3’
half site. Other transcription factors
including TFIIB interact with the VDR-RXR
complex, and the DNA at the response
element is bent into an altered
conformation. Phosphorylation of the VDR
occurs, followed by an alteration in the rat
of transcription of the target gene by RNA
polymerase II.
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how the VDR functions in initiating transcription of target
genes, taking into account all current information
available.

Although recent work on the cloning and deletion
analysis of the vitamin D receptor and its altered
transcriptional activity by binding to 1,25-(OH)2D3 and
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VDRE provided a clearer picture, there are still much
remains to know. Advances in our understanding of
the vitamin D mechanism of action can be expected
from physical studies of cloned and expressed vitamin
D receptor, its 3D structure and its complex for
structure.
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